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Abstract

Introduction

Crystals of calcium oxalate monohydrate
(COM), dihydrate (COD) and trihydrate (COT)
were grown by slow diffusion of reacting ions
from
solutions
using
interfacially
controlled
crystallization. Phase transition of COT to COD
and COM, and COD to COM were studied on
single crystal by X-ray diffraction analysis of
the same crystal before and after exposure to
normal and stone formers' urine. Phase transition on the surface of single crystals has been
demonstrated by SEM energy dispersive X-ray
microanalysis using windowless detector, and
scanning Auger electron microprobe. Data obtained in this study offer direct experimental
evidence for phase transformation on the surface of the hydrated calcium oxalate single
crystal. In presence of normal urine the surface of COT single crystal undergoes transformation into COD and in presence of recurrent
calcium oxalate stone former's urine surface
transformation to COM takes place.

Phase transition of calcium oxalate crystals
has a particular importance in the formation of
stones. The study of surface composition and
transformation
near
surface regions of the
crystal could yield valuable information for the
understanding of aggregation and adhesion of
individual crystals in calculi. Several in vestigations were reported on the role of different
hydrated calcium oxalate crystals (COM, COD
and COT) and their transformations (Berenyi et
al., 1972; Berg et al., 1979; Tomazic and
Nancollas, 1979; Nancollas 1983; Nancollas and
Gaur, 1984; Tawashi, 1983; Martin et al.,
1984; Deganello, 1986).
For many investigators phase transition
(COT-COD-COM) has been regarded as a dissolution/recrystallization phenomenon. The driving force for phase transformation arises from
the
differences
in
thermodynamic
activities
(Hesse et al., 1976; Hienzsch et al., 1979;
Tomazic and Nancollas, 1982; Nancollas, 1983;
Nancollas
and
Gaur ,
1984;
Tawas hi
1983;
Deganello, 1986; Khan et al., 1986; Lachance
and Tawashi, 1987; Singh et al., 1987,1988) .
In recent years there has been much discussion
on the influence of different factors such as
ionic and non-ionic inhibitors (stabilizers) and
macromolecules
of normal and
stone-formers'
urine in the formation of calcium oxalate stones
(Berg et al.,1982; Robertson et al.,1986; Scurr
and Robertson, 1986; Azoury et al. ,1986; Kohri
et al., 1988; Morse and Resnick, 1988; Khan et
al, 1988; Lanzalaco et al., 1988; Grases et al.,
1988, 1989). We believe that the understanding
of the surface reactions on the mineral phase
in urine environment is a prerequisite for solving the problem of urinary calcification.
The relation between surface geometry of
the calcium oxalate crystals and the process of
their aggregation and cohesion to form stone is
still unclear (Martin et al., 1984; Marickar and
Koshy, 1987). In a recent work from our laboratory, we reported on the dissolution kinetics
and the surface geometry of COD single crystal
in normal and stone formers' urine. The data
obtained suggest that the geometric structure
of the surface is likely to be a potential factor
in understanding crystal aggregation in stone
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dispersive X-ray
spectrometer in windowless
mode. The surface analysis were performed at
5kV for a minimum of 50 readings on each
crystal.
Auger electron spectroscopy of the uncoated crystals' surface before and after exposure
has been performed using a JAMP-30 scanning
Auger microprobe (Jeol, Tokyo, Japan). Auger
spectra was obtained using a focused beam
about 0.5-lµm. Beam currents ranged from 4.55
xio-9Amp to 4.55x10-8Amp. for a primary electron beam of 2keV. Auger intensities obtained
from derivative spectra dN(E)/dE by modulation
of the analyser's
potential ramp
(4.55x10-8
Amp). At a very low current intensity (4.55x
10-9 Amp), we used direct spectra which is obtained from beam brightness modulation technique. A minimum of 50 readings were performed on each crystal and Auger signal-to-background ratio (f) was computed for calcium and
for oxygen on each reading. The ratio f was
caculated using following expression:

formation (Akbarieh et al., 1987; Akbarieh and
Tawas hi, 1989).
In this work, we report on the phase
transition of COT to COD and COM, and COD
to COM
in
urine
environment
on
single
crystals. Three different techniques are used
for the determination of surface changes on the
crystals; namely X-ray powder diffraction analysis of the same crystal before and after exposure to urine, SEM energy dispersive X-ray
microanalysis using windowless detector, and
scanning
Auger
electron microscopy
surface
composition analysis.
Materials and Methods

Different hydrated calcium oxalate crystals
(COT, COD and COM) used in this study were
grown under slow liberation of reacting ions.
The growth is based primarily on the slow
hydrolysis
of
diethyloxalate
(Lot:
16F-3418,
Sigma Chemical, MO. U.S.A.) in the presence
of bidistilled water containing calcium chloride
(Lot:
733229,
Fisher
Scientific, Canada) at
pH: 6 and at 4 °C. The slow diffusion of oxalate
at the interface, which separates the two insolubles phases, controls the reaction and the
growth of calcium oxalate crystals. The crystals
were harvested after 3-4 weeks and washed
with absolute ethanol. The detailed technique of
growth and identification has been previously
reported (Lachance and Tawashi, 1987). As a
control, we used also calcium oxalate monohydrate obtained
from Fisher Scientific Canada
(Lot:715033). COT, COD and COM single crystals (l00-250µm) in dry form were transferred
individually
to a specially designed microscopical dissolution cell which has been thermostatically controlled at 37°C. The urine sample
(0.5 ml) was added to the cell. After 2 hours
of exposure, each crystal was washed with absolute ethanol twice and kept in a dry cell at
4 °C before analysis.
Non-stone-formers' urine used in this work
is pooled from 10 normal subjects and stoneformers' urine is pooled from 10 well characterized recurrent calcium oxalate stone formers.
These subjects were under normal diet and no
medications for at least two weeks. In all
cases, stone-formers or non-stone-formers, first
urine of the day was collected and immediately
frozen. Before using, each sample was warmedup at room temperature, then the pH of the
urine has been adjusted to 6.3 by the proper
addition of NaOH or HCl. Urines were filtered
by O. 22 µm millipore before incubation at 37°C.
Using a Philips PW-1130 diffractometer for
X-ray powder diffraction analysis, COT and
COD crystals were analysed before and after
dissolution in each case. The detailed technique
of identification has been previously reported
(Lepage and Tawas hi, 1982).
For SEM X-ray surface analysis, uncoated
crystals were examined by SEM energy dispersive microanalyser. In this study, we used a
JSM 840 (Jeol, Tokyo, Japan) scanning electron
microscope equipped with a LINK-10000 energy

f
where Ip is Auger signal intensity and lb is
background measured intensity. To determine
the degree of hydration of examined calcium
oxalate crystals, calcium/oxygen ratio was computed by peak-to-background intensities. The
detailed signal processing technique of direct
Auger spectra has oeen previously reported
(Smith and McGuire, 1981; Sekine et al., 1986;
Chang, 1971).
Results and Discussion

Figures 1-3 show clearly the nucleation of
the new phase on the surface of COD single
crystals exposed to stone formers' urine. The
analysis of COD crystals by X-ray diffractometry
before and after exposure to stone
formers' urine showed that after exposure the
crystals contain a significant amount of calcium
oxalate monohydrate which was absent in the
analysis before exposure. This surface change
has not been observed on the COD crystals
exposed to normal urine. This confirms the
work of Berg and coworkers (1979) who reported that urine sediments of normal subjects
contain nearly exclusively weddellite crystals.
The analysis of COT single crystals by
X-ray diffractometry before and after exposure
to urine environment revealed that phase transition of COT-COD took place in normal urine
(Figures 4-5). However, surface transformation
of COT-COM occurred only in stone formers'
urines (Figures 6).
Although X-ray powder diffraction identifies phase transition, the technique does not
specify the site where phase transition occurred. Using SEM energy dispersive X-ray spectrometer in windowless mode, it was possible to
show the similarity between the surface analysis
spectra of COD single crystal after exposure to

388

Phase Transition of calcium Oxalate Crystal in Urine

Figure I.
to urine.

COD single crystal

before

Figure 4.
to urine.

exposure

COT

single

crystal

before

exposure

Figure 2. COD single crystal after exposure to
stone-formers' urine.

Figure 5. Nucleation and the growth of COD on
the COT crystal exposed to normal urine.

Figure 3. Nucleation of the new phase on the
surface of COD crystal exposed to stoneformers' urine.

Figure 6. Nucleation of the new phase on the
surface of COT crystal exposed to stoneformers' urine.
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stone formers' urine and the pure COM crystals
used as a control (Figure 7). The calcium/oxygen ratio was obtained and used as index for
comparison.
SEM energy dispersive X-ray spectrometer
in windowless mode was also used to compute
the calcium/oxygen ratio for the COT crystals
before and after exposure to urine environment
(Table 1).
The analysis on
COT crystals
showed phase transition of COT-COD in normal
and COT-COM in stone formers' urines (Figure
8). This result agrees with previous findings,
that in ambient air and at room temperature,
COT surface acts as a nucleating substrate for
the growing COD (Lachance & Tawas hi, 1987).
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Figure 8. Energy dispersive x-ray microanalysis
spectra of COT crystals before (A) and after

Figure 7. Energy dispersive x-ray microanalysis

exposure to
urine (C).

spectra of COM (A) and COD after exposure to
stone-formers' urine ( B).

normal

(B)

and

stone-formers'

Table I. Intensity

(counts) obtained from SEM energy dispersive microanlysis of different hydrated
calcium oxalate crystals before and after exposure to normal and stone formers' urine.

Crystal

Control
Calcium
Oxygen

Ca/0

Non-Stone Formers' Urine
Oxygen
Calcium
Ca/0

Stone Formers' Urine
Calcium
Oxygen
Ca/0

COM

1727

510

3.3863

----

---

----

----

---

----

COD

1372

763

1.7982

1534

833

1.8415

1823

568

3.2095

COT

581

1327

0.4378

1482

811

1.8274

1564

509

3.0727
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To
demonstrate
surface
dehydration
of
COT and COD crystals, we used Auger electron spectroscopy for surface composition microanalysis. Very low energy beam and very low
beam current were used in order to ensure
that no surface changes take place on the
crystal during the process. We determined the
degree of hydration of COM, COD and COT
crystals before and after exposure to normal
and stone formers' urine using Auger intensities obtained from derivative spectra dN(E}/dE
by modulation of the analyzer's potential ramp.
The analysis was also performed by measuring
peak-to-background ratios using direct spectra
which is obtained from beam brightness modulation technique (Figures 9-10). The degree of
hydration of calcium oxalate of the crystal surface was determined from the calcium/oxygen

However, phase transition of COT--COM required special conditions, which is the presence of
stone formers' urine.
SEM energy dispersive X-ray spectrometer
with beryllium window has been applied before
by Khan and Hackett (1987) to reveal the presence of COD and COM crystals in some renal
stones. In their work the authors used silver
coated specimen. We used the same technique
without coating to determine the degree of
hydration of the calcium oxalate crystals. Direct observation is crucial in the study of surface phase transition of calcium oxalate crystals
since it eliminates the possibility of any change
occurring during the coating process. With a
LINK-10000 energy dispersive X-ray spectrometer in windowless mode we were able to
analyze COT, COD and COM crystals without
coating.
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Table 2. Auger

signal-to-background ratio (f) obtained from the surface analysis of different
hydrated calcium oxalate crystals before and after exposure to normal and stone formers'
urine.

Crystal

Mean fca

Control
Mean fa

fcalfo

Non-Stone Formers' Urine
Mean fca Mean fa
fcalfo

Stone Formers' Urine
Mean fca Mean fa
fcalfo

COM

0.2043

0.0546

3.7417

----

---

----

----

---

----

COD

0.2218

0.0741

2.9932

0.2184

0.0721

3 .0291

0.1792

0.0472

3.7%6

COT

0.1583

0.0602

2.6295

0 .1647

0.0552

2.9837

0 .1679

0.0447

3.7561

ratio using at least 50 counts on the surface of
each crystal. Table 2 summarizes the mean
values of the analyses on unexposed and treated COM, COD and COT crystals.

0
1000

Conclusions

Ca

In this paper, evidence is presented for
surface phase transition of COT and COD on
single crystal in urine environment. SEM energy dispersive X-ray microanalysis in windowless
mode and scanning Auger electron microscopy
surface analysis were used for the characterization and
determination
of calcium oxalate
surface composition. There is a clear difference
between normal and stone formers' urine as reacting media for surface phase transition of
hydrated calcium oxalate crystals. In the urine
of normal subjects COT surface was transformed to COD. No surface phase transition
occurred to COD single crystals exposed to
normal urine. In stone-formers' urine COT surface was transformed to COM, and COD also to
COM. The results reported here suggest that
phase transition of COT and COD single crystals exposed to urine offer new possibilities to
determine the exact role of urine macromolecules in stone formation.
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Discussion with Reviewers

s. Deganello: Was there any reason for not
making punctual x-ray analyses with a Gandolfi-type approach?
Authors: To examine surface transformation of
calcium oxalate crystals, we preferred to use
Auger scanning microprob which provides elemental analysis of the surface region of a sample. This technique is well known by its ease
of identifying elements and quantifying composition, and ability to distinguish between
chemical states .
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S. Deganello: How does one discriminate the
intensity contributions from the water and nonwater oxygens?
Authors:
Using SEM energy dispersive X-ray
microanalysis
with
windowless
detector
and
scanning
Auger
electron microscopy surface
composition analysis, it is not possible to differentiate the intensity contributions from the
water and non-water oxygens.

A. Hesse: Was any analysis of the urine of
stone patients and healthy persons undertaken?
Authors: We determined the concentration of
Na+, K+, c1-, Mg2+, ca2+ and we found that
only Mg2+ concentration was significantly lower
in the tested stone-formers' urines than the
non-stone-formers'
urine.
However,
working
with frozen urines, we were not able to determine the levels of macromolecules in these
urines .

W.G. Robertson: What leads you to the conclusion that the difference in hydrate formation is
due to differences in macro-molecular content of
stone-forming and non-stone-forming urine?
Authors:
The
differences
observed
between
stone-forming and non-stone-forming urine cannot only be attributed to differences in macromolecular content.
Surface transformation of
COT and COD crystals can be influenced by
many other factors in urine including the ratio
of calcium/oxalate, magnesium concentration and
pyrophosphate concentration. In addition, the
influence of macromolecules on surface phase
transition
could also be affected
by ionic
strength, temperature, pH of the media and
prevailing hydrodynamic conditions.

A. Hesse: To what constituents of the urine
can the stabilising effect of the urine of healthy persons be attributed?
Authors: We believe that Magnesium concentration, in addition to macromolecules, plays the
most important part in stabilizing COD crystals
in the urine of healthy persons.

G.S. Mandel: What are the theoretical values
for the Ca/O ratio in COM, COD, and COT? I
believe that they are 0.40, 0.31, and 0.29,
when the disordered water of crystallization in
COD is included. Is this below your level of
sensitivity?
Authors: The energy intensity counts depends
directly upon the number of atoms (not the
weight) of a given element in the surface composition. Considering that the level of sensitivity (less than 5%), the difference obtained in
this technique is higher enough to differentiate
between COM, COD, and COT.

A. Hesse: Visual inspection of the surfaces of
the COD crystals in figs. 2 and 3 could lead
one to suppose that Ca phosphate has been
deposited
on
them.
Were
these
deposits
analysed?
Authors: X-ray diffraction analysis of the COD
crystals before and after exposure to urine
indicated the absence of calcium phosphate.
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